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Dr Frank Hanley (Stanford, Calif). Your management ap-
proach to patients with pulmonary artery sling is both logical
and clearly effective. It’s an excellent study. I agree, and I sus-
pect there is probably widespread agreement that both bron-
choscopy and CT imaging are the preferred diagnostic
procedures as well, in this day and age. I also tend to agree
that the midline sternotomy approach with bypass, or at least
with bypass standby, should be used in all cases. I have a few
questions, and they cluster around some technical aspects of
both the pulmonary artery reconstruction and then around the
tracheal reconstruction.
For the pulmonary artery first, in the information that you sent
me, there wasn’t as much detail as you presented here, but I think
it’s still an important point, and the question is: How do you per-
form the anastomosis of the LPA to the main pulmonary artery?
Do you ever augment the anastomosis with a patch? Do you
ever splice the LPA open, or is it always strictly this sort of end
to side anastomosis?
The reason for the question is, first of all, the LPA often is redun-
dant, so you have to cut some away to get it not to kink. I agree com-
pletely with your comment on that. Typically it ends up that the
piece of the pulmonary artery you’re sewing to themain pulmonary
artery is just the piece that went around the back of the trachea,
where it can be adherent, and sometimes there is a variable degree
of hypoplasia there. With that in mind, my preference is to splice
thewhole LPAopen, put a V patch on, andmake a really wide anas-
tomosis, especially in young infants, to prevent late narrowing. Do
you ever consider that, depending on the size of the LPA?
Dr Backer. Placing a patch on the LPA is probably a good
technical maneuver to consider. We have not patched any of the
LPAs in this series, and to my knowledge only 1 patient has had
a stenosis of the LPA anastomosis that required dilatation and
a stent. Another way to do this is to make an angled cut on the
LPA to have a wide spatulated anastomosis.
Dr Hanley. Sort of splice of it; yes, you splice it.
Dr Backer. But we have not used a patch. I usually cut out
a small opening in the main pulmonary artery where the anastomo-
sis is located so there is not a pursestring effect there. In this series,
I have been pleased with the direct anastomosis.
I agreewith you that the LPA is often hypoplastic. It does not get
as much flow in utero as the RPA, and it definitely is often smaller
than the RPA.
Dr Hanley. In regard to the pulmonary artery situation, your
flow scans show 40%, and that may well be a reflection of some
diffuse hypoplasia and doesn’t necessarily mean stenosis. Do
you have more specific imaging in any or most of these patients
and were their imaging narrowing areas, or if there was catheteri-
zation or some other study, magnetic resonance imaging, showing
acceleration of flow indicating a gradient? Do you have a percent-
age on that?
Dr Backer. All of these patients have had serial echocardio-
grams. In the 1 patient who did end up with a stent, the diagnosis
of the stenosis was made by echocardiogram. That has been our
primary means of follow-up. Many of these patients have also
had subsequent CTor magnetic resonance imaging, often to assess
the trachea and any tracheal problems. So we didn’t specifically
study them all with 1 study. In the most recent 20 patients, we150 The Journal of Thoracic and Cardiovascular Surghave obtained nuclear pulmonary perfusion scans on every patient
several months after the operation.
Dr Hanley.Moving on to the trachea, I also think there is gen-
eral agreement that a resection or a slide is the way to go on the
trachea. What are your specific criteria for determining between
just resection and end to end and slide? Is it based simply, are there
complete rings or not, is that it, or is it the length of rings? How
many rings does it take to say I’m going to do a slide in your
estimation?
Dr Backer. I use the guidelines from the late Dr Grillo and the
Massachusetts General group. They published their recommenda-
tion guidelines for the limits of successful tracheal resection. It
used to be said that it was safe to resect 50% of an infant’s trachea,
but now the article from the Massachusetts General group recom-
mends not resecting more than 30% of the trachea. What I use as
a guideline is 6 tracheal rings, which is 30% of the total trachea
length (usually 18–20 rings). If the stenosis is 6 rings or less,
then I do a tracheal resection. We had only 4 of 26 patients with
simple resection in this series. The other patients now get a slide
tracheoplasty. All the patients in our series with congenital com-
plete tracheal rings have had a tracheal resection, pericardial tra-
cheoplasty, tracheal autograft, or slide tracheoplasty, except for 1
patient, the oldest patient in the series.
We did have an experience early on in 1 patient in whom we
thought that even though there were complete tracheal rings, the
tracheal lumen was adequate. We did the pulmonary sling repair,
and then we had trouble ventilating the patient all night. We
went back and did a pericardial patch tracheoplasty the next
morning.
Dr Hanley. How about the flip side of that, were there any pa-
tients without tracheal rings with a structurally normal trachea
where there was clearly just compression from the sling and you
had to do a tracheal procedure?
Dr Backer. There was 1 other patient in whom we got into the
back of the trachea, during the dissection of the LPA, and had to
resect the distal part of the trachea and do an end-to-end anastomo-
sis. In the other patient without tracheal rings, once the sling was
fixed, the trachea bounced back nicely.
Dr Hanley.One more point on the tracheal slide. It’s somewhat
counterintuitive maybe for the people who don’t do these all the
time, but when you have complete rings, it’s not necessarily true
that the point of maximal narrowing in the trachea is going to be
right where the sling comes around it. The rings can be very dif-
fuse. How do you determine that in the operating room, is it by ex-
ternal inspection or do you do intraoperative bronchoscopy to
determine where the narrowest point is? That’s the point where
you want to transect your trachea so you get a symmetric slide.
Dr Backer. This issue is the main reason we did the tracheal au-
tograft operation from 1996 to 2001. It can be difficult to deter-
mine where to divide the trachea to get it divided in the correct
spot. I now use intraoperative bronchoscopy to tell me where the
stenosis starts and ends; then you calculate where the midportion
is and transect at that site.
This is an operation that as you obtain experience and repeat-
edly see the trachea dissected, you can often estimate the middle
of the stenosis from external examination. Also, in these little in-
fants, you can mobilize the trachea so well that even if the entire
trachea is involved with complete tracheal rings, you can do a slideery c January 2012
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Dtracheoplasty from cricoid to carina. Martin Elliott and Peter Man-
ning have done more slide tracheoplasties than I have and reported
excellent results. The group from Kobe Children’s Hospital in Ja-
pan recently reported 19 patients with pulmonary artery sling who
had simultaneous slide tracheoplasty.
DrHanley.Yes, I agree in very young infants you can do a com-
plete slide. You can bring the upper thing almost all the way up to
the larynx or the cricoid, and on the other end all the way down to
the carina without difficulty. But you do, I think, want to get the
transection right at the narrowest point.
Dr Backer. Correct. There is nothing worse than that sinking
feeling that you’ve made the transection in the wrong spot and
don’t have enough trachea to make the anastomosis come together.
Dr Hanley. The way we do it is intraoperative bronchoscopy,
and then I take a tiny needle, a 27 needle, and poke it through
the anterior wall of the trachea and ask the ear, nose, and throat per-
son, who does our bronchoscopies, How close am I? She’ll say,
‘‘You’ve got to move up a little bit,’’ so we know exactly where
to do it, and then you know exactly where it is. Do you routinely
use intraoperative bronchoscopy?
Dr Backer. Yes, every patient.
DrHanley. I said at the beginning I agree with bypass or bypass
standby, certainly not in very small patients but in the occasional
older child or even young adult who you may pick this up in, if
you’ve got a good-sized main pulmonary artery, you may be
able to sequester enough main pulmonary artery, again going
through a midline sternotomy bypass standby, but you can get
a big clamp on the main pulmonary artery that’s enough to do
a good anastomosis without even going on bypass. It’s all a matter
of getting that clamp on and seeing how the right ventricle is doing.
Because what you run up against is obstructing flow into the only
flow, which is the RPA. But you can do that occasionally. We have
done that several times. Do you ever consider that when there is no
tracheal problem?
Dr Backer. I have considered that, but putting them on by-
pass is so routine, and it also makes the whole procedure very
safe. I also think it is easier to achieve a patent anastomosis
with cardiopulmonary bypass and avoid the complication ofThe Journal of Thoracic and CaLPA stenosis or occlusion. I have not tried this without cardio-
pulmonary bypass.
DrJosephForbess (Dallas, Tex). Carl, I really enjoyed that series
again hearing from you on your lengthy history with this lesion.
One technical point with the kids who don’t have a right lung
that I sort of stumbled onto and now apply it to virtually all of these
patients is to do with that LPA being too long and having sort of
that acute angle. If you use the manner of a Finney pyloroplasty,
I’ve been able to do an all autologous sort of downward transloca-
tion of the LPA that’s nice, wide, and patchless onto the main pul-
monary artery, just as an aside.
I wanted to ask a question about how you deal with the kids who
have a bad carina. Typically you can slide down to one side nicely.
I’ve done 2 things, and I want to hear what you do. I’ve either split
the toe of the trachea and laid it out onto both or I’ve gone down the
side that looks the biggest and the straightest shot and then placed
a little pericardial patch on the other side. I was just curious what
your thoughts were on that particular problem.
Dr Backer. I’ve essentially tried to ‘‘ignore’’ the bronchial ste-
nosis. If you have a trachea with a stenotic internal luminal diam-
eter of 2 mm and the bronchi are 2 and 3 mm, I think you can get
into more trouble by trying to ‘‘fix’’ the bronchial stenosis than by
leaving it alone.
We have had at least 1 patient I remember, and I don’t think this
was one of our pulmonary artery sling cases, where I’ve used the
technique of making a vertical incision in the lower part of the
cut upper trachea and slide into both right and left main stem bron-
chi separately to patch them open.
Martin Elliott published an article in the Annals 5 years ago
showing some nice drawings of how to use the slide tracheoplasty
in patients with significant bronchial stenosis and specifically go-
ing down into the bronchi. With some of these cases you have to be
a little creative. I can tell you that I get phone calls from surgeons
around the country from time to time about bronchial stenosis, and
usually I tell them to ignore it. In a little baby it’s hard to make
a 2-mm bronchus go from 2 to 3 mm or 3.5 mm because if you
get some swelling and granulation tissue at the anastomosis, you
may end up in a worse spot than where you started.rdiovascular Surgery c Volume 143, Number 1 151
